Extracorporeal life support (ECLS) was developed more than 50 years ago, initially with venoarterial and subsequently with venovenous configurations. As the technique of ECLS significantly improved and newer skills developed, complexity in terminology and advances in cannula design led to some misunderstanding of and inconsistency in definitions, both in clinical practice and in scientific research. This document is a consensus of multispecialty international representatives of the Extracorporeal Life Support Organization, including the North America, Latin America, EuroELSO, South West Asia and Africa, and Asia-Pacific chapters, imparting a global perspective on ECLS. The goal is to provide a consistent and unambiguous nomenclature for ECLS and to overcome the inconsistent use of abbreviations for ECLS cannulation. Secondary benefits are ease of multicenter collaboration in research, improved registry data quality, and clear communication among practitioners and researchers in the field.
Extracorporeal therapies for temporary, non-intraoperative support of patients with cardiac and/or pulmonary dysfunction are an outgrowth of cardiopulmonary bypass. The success of cardiopulmonary bypass beginning in 1953 for short-term circulatory support did not directly translate to more prolonged support, owing in large part to the lack of biocompatibility of devices of the time (1) . Long-term extracorporeal support would await the development of newer technologies and approaches over the ensuing decades. The result is a diversity of approaches to temporary support that are rapidly becoming mainstream in the management of severely ill and injured patients.
This diversity has led to the use of terms and abbreviations marked by inconsistency and ambiguity. The first reported application of extracorporeal support in the ICU setting (2) employed extracorporeal membrane oxygenation (ECMO) in post-traumatic acute respiratory failure. Although the term "ECMO" refers to a particular extracorporeal configuration and application for support of cardiopulmonary dysfunction, it became synonymous with the use of any extracorporeal system other than surgical cardiopulmonary bypass. A number of extracorporeal applications have emerged that are not considered ECMO, such as extracorporeal carbon dioxide removal for managing hypercapnic respiratory failure or supporting ultraprotective ventilation in acute respiratory distress syndrome, extracorporeal cardiopulmonary resuscitation for maintaining systemic perfusion during cardiac arrest, and extracorporeal interval support for organ recovery to provide perfusion of organs awaiting recovery after declaration of cardiac death. The term "extracorporeal life support" (ECLS) has emerged to describe the entire family of extracorporeal support modalities for longterm support (Figure 1 ).
Moreover, cannulation configurations for long-term support have evolved substantially over the years, with expanded disease indications and outcome pathways (e.g., bridge to recovery, bridge to transplant, bridge to destination), leading to novel cannulation approaches (3) (4) (5) (6) (7) (8) (9) (10) Without a formalized approach to cannulation nomenclature, there are inconsistencies in the reporting of ECLS studies.
This document represents a consensus on terms, abbreviations, definitions, and cannulation descriptions for ECLS to establish consistency for clinical and research descriptions. The contributors represent multiple specialties performing ECLS, including cardiothoracic surgery, pediatric surgery, surgical intensive care, anesthesiology, cardiology, pulmonary medicine, medical intensive care, pediatric intensive care, neonatology, and emergency medicine. The contributors also represent the international chapters of the Extracorporeal Life Support Organization (ELSO), including North America, Latin America, EuroELSO, South West Asia and Africa, and Asia-Pacific, imparting a global perspective on ECLS. The conclusive meeting among all the contributors to finalize the document, hereby presented, was held in Maastricht, the Netherlands, on the occasion of the Sixth EuroELSO Annual Meeting, inspiring the denomination of such a nomenclature by another "Maastricht Treaty" realized for an economical/political context. The Nomenclature Task Force was assembled by the ELSO, and the different definitions were based on review of the literature pertaining to ECLS nomenclature as well as on clinical practice. The consensus statement was determined as the most appropriate approach in the absence of studies evaluating the clarity and strength of different terms used in the setting of ECLS; all definitions were then based on expert opinion. The task force conferred by e-mail, and agreements were achieved through iterative discussion and debate. Recommendations were unanimously agreed and then approved by the task force.
This report is composed of three sections. The first gives terms, abbreviations and synonyms, and definitions used in the practice of ECLS. The second section addresses units of measurement. The third and final section is a nomenclature and taxonomy for the description of cannulas, cannulation configurations, and vascular access sites.
Principal Terms, Abbreviations, and Definitions
The
Systems and support mode terms are given in Table E1 specifics are covered later in this document. A terminology section for devices used as part of the circuit employed for ECLS is given in Table E3 . Circuit operation terms and concepts are given in Table E4 .
Units of Measurement
Several units of measurement are used for devices and patient management during ECLS. Table E5 provides the preferred measurement unit systems for ECLS. Système international d'unités units are preferred over Imperial units and are used in most cases, except where manufacturer specifications dictate the unit system.
Configurations for Peripheral Cannulation
Peripheral cannulation configurations vary in complexity from simple two-cannula configurations for traditional venovenous and venoarterial ECMO to more configurations, such as with multiple cannulas and multiple drainage or return sites. There is a need to be able to provide basic cannulation information for clinical purposes that conveys the essential configuration. To meet these objectives, a two-level classification system with increasing levels of descriptive information was developed.
Fundamental to all cannulation abbreviations is the use of a hyphen to distinguish drainage cannulas on the left of the hyphen and return cannulas on the right of the hyphen, with the membrane lung represented by the hyphen itself. In this approach, the presence of a hyphen differentiates a cannulation configuration from the support modes introduced above.
Level 1: Cannula Hierarchy
All cannulas contributing to the primary (major) draining and return circuit flow are written in upper case letters, such as "V-V" to represent venous drainage and venous return for venovenous support (Table E6 ). All cannulas with minor flow for secondary drainage, for unloading of specific anatomical location, or to promote distal perfusion are written in lower case letters after the major flow cannula to which side it belongs, such as "V-Aa" representing venous drainage, arterial return, and secondary arterial return (e.g., for distal perfusion). The use of a dual-lumen cannula for venovenous support would be indicated with a preceding "(dl)" abbreviation (e.g., "(dl)V-V").
A configuration may have two major drainage or return cannulas, in which case a second upper case letter is used to the left of the first upper case letter or to the right of the second upper case letter, respectively. For example, "VV-V" would represent venovenous support with two major drainage cannulas and a single return cannula, and "V-VA" would represent venous drainage and both venous and arterial return (for venovenoarterial hybrid support). subscripted lowercase letters indexing the relevant drainage or return cannulation descriptor. Letters assigned to the different peripheral vessels are given in Table E6 . Bifemoral cannulation for venoarterial support, for example, would be indicated as "V f -A f ." The traditional two-cannula venovenous configuration with drainage from the femoral and return to the internal jugular would be indicated as "V f -V j ."
Configurations for Central Cannulation
Central cannulation involves placement of cannulas in a chamber of the heart or the proximal vena cavae through a median sternotomy or related surgical technique. The general approach for the description of peripheral cannulation is applied to central cannulation, with the exception that the major anatomical sites cannulated for are expressed as two uppercase letters, and secondary sites such as venting cannulas are expressed as a lowercase letter (Table E6) . For example, the common postcardiotomy configuration for venoarterial support with right atrial drainage, a left atrial vent, and aortic return would be "RAv a -AO." Left-sided support with drainage from the left ventricle and aortic return would be "LV-AO," and right-sided support from the right atrium to the pulmonary artery would be "RA-PA."
Conclusions
This classification system for ECLS nomenclature provides a standardized foundation for the description of ECLS application, decreasing ambiguity and providing consistency for the comparison of clinical reports. It includes an extensive terminology of systems, support modes, devices, units of measurement, and cannulation configurations. Given the hierarchical structure of cannulation description, it provides for the inclusion of only as much detail as needed for a given purpose. Based on a defined system, it maintains flexibility to adapt to (many if not all) future developments in cannulation approaches as it supports extensibility. This nomenclature has limitations. Although adequate for supporting descriptions for most clinical applications, it may not meet the needs for research applications where more detail for cannulation configurations, such as location of the cannula tip, additional cannulation sites, or nontraditional cannulation configurations, would be desirable. Given its systematic basis, however, it could be extended for such a purpose. n
